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Abstract

Elastomeric o-ring performance and structure when subjected to a foreign object is studied using finite
element analysis (FEA). Elastomeric o-rings have been studied using 2D analysis for a long time. Contact
pressure is an important factor in o-ring design. When contact pressure is lower than applied pressure,
leaking, vibration, and noise can occur; resulting in decreased output. In this study, we compared 2D and 3D
analyses of elastomeric o-rings. Similar results were shown for 2D and 3D contact pressure. However, when
an o-ring encounters foreign object matter, 3D analysis is required because contact pressure in every direction
needs to be considered. We determined the influence of foreign matter on o-ring performance and structure
by analyzing 10 cases with different clearances in a 3D model. Therefore, an o-ring encountering foreign
object matter must be analyzed in 3D with the result included in the o-ring design.
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Fig. 1 The dimension of the O-ring
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Fig. 2 O-ring sealing forces
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Fig. 3 Rule of the o-ring design

C)ilinder

Piston

D; = ¥5.00 mm
D, = 0.25, 0.50, 0.75 mm
D; = 400 mm

Kinematic friction coefficient = 0.1

Fig. 4 Drawing of analysis model (2D, 3D)
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Table 1 Material property

Rubber (O-ring)
Co1 Density

C10

2.746 4.3597 0.0425 kg/m®

Aluminum (Piston, Cylinder)
Young's Poisson;s

Modulus

. Density
ratio

68.9 GPa 0.3 2700 kg/m’
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Case. 1 von Mises stress 12.20 MPa

i

Case. 2 von Mises stress 12.53 MPa Case. 2 von Mises stress 12.32 MPa

Case. 3 von Mises stress 13.26 MPa Case. 3 von Mises stress 13,10 MPa

Fig. 5 Stress result of 2D analysis Fig. 7 Stress result of 3D analysis
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Case. 1 Contact pressure 2766 MPa Case. 1 Contact pressure 27.61 MPa

0

Casge. 2 Contact pressure 2498 MPa

O

Case. 3 Confact pressure 22.22 MPa Case. 3 Contact pressure 22.18 MPa

Fig. 6 Contact pressure result of 2D analysis Fig. 8 Contact pressure result of 3D analysis
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2DellA Case 1, 2, 39 #HZF &9 Ay 27.66,
24.98, 22.22 MPa°lil, 3DlA Case 1, 2, 39 H=
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von Mises stress

Displacement

Contact Pressure

Fig. 9 Result of 3D anlysis (Cylinder)

Contact Pressure

Fig. 10 Result of 3D analysis (O-ring)

Table 2 Cylinder result

Case Stress Displacement CPress
(MPa) () (GPa)
1 397.5 6.33 1.35
2 393.6 5.46 1.47
3 393.1 5.34 1.45
4 392.6 5.21 1.43
5 391.7 5.03 1.41
6 390.8 4.86 1.40
7 390.0 4.70 1.38
8 389.4 4.56 1.48
9 386.3 3.97 1.37
10 383.3 3.37 1.35
Table 3 O-ring result
Case Stress CPress
(MPa) (MPa)
1 30.79 279.9
2 21.57 240.7
3 20.10 236.0
4 18.97 230.5
5 17.85 2957
6 16.62 291.8
7 15.46 216.0
8 14.40 211.9
9 12.28 161.3
10 11.88 179.6
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